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ABSTRACT 


Grain size analyses of 18 sandstone samples of varied 
compositions (quartzose, subquartzose, arkose and lithic) and 
textures were performed by grain mount , Ehinesect ion, and 
Sreving=techniques: = °8The total’ distributions ends tte size 
parameters derived from these distributions are compared for 
thie three-teehniques . 

Me mean grain suzesoptained from the three techniques 
are crosely correlated ror *both phi “and millimeter data. The 
grain mount yields the highest valves ehe= thin section an 
intermediate, and the sieving technique the lowest value of 
Mean grain sizes The observed differences between means , 
or median and mean grain size values, increase with changing 
grain size, thus’a constant correction factor Cannot be 
employed in translating the results of one technique to 
another. Statistically determined regression equations can 
be used to produce comparable results from the three techni- 
ques, but these are found to vary between samples and between 
rock types. 

The thin section underestimates the mean Sphervedivecg 
quartz grains in comparison to grain mount, and mean spheri- 
city increases with size; also, there is a gradual increase 
in mean sphericity from lithic to quartzose sandstones. 

Correlatnen /orés Pandard deviation, skewness, and kurtosis 
values is lower than those obtained for mean erainesaze, and 
inegenerak stow *sradial fail’ tn correlation towards higher 


moments. Comparison of total distributions show that grain 
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INTRODUCTION 





Determination of grain size-distribution of sediments is 
of significance to geologists and engineers. The engineer's 
Pyteresie@atenvrrom sthne “practical utilization of sediments in 
the fields of soil mechanics, hydraulic engineering, petroleum 
SMOMneS Fries a lele, Sedimentologists have attempted to make use 
of grain size-distributions: in reconstructing geological envi- 
ronments of deposition and distribution patterns, in particu- 
lar in determining the environmental Significance of various 
grain size parameters. 

Size-distributions of clastic sediments can be measured 
in a number of ways, including sieving, measurement in thin 
section, measurement in loose grain mount, and various types 
of sedimentation and elutriation techniques. Each of these 
methods gives a different comparative measure of size and is 
based upon certain assumptions. 

dhe -concepr of grain Usrze” ts! related *totvolumes “Hows 
ever, the™volumes of ssand-size@™particles are"diftficult to 
Nedsire directly; ’so™that the "size" Yor *stichwpanticless nue: 
be’expressed in some other manner; for example, as”a linear 
measurement of a unique axis, allowing an approximation to 
grain volume. In the three techniques of sieving, thin sec- 
tion, and loose grain mount, size is expressed as linear 
measurements, whereas in sedimentation techniques the size 
measure is some property more directly related to grain vol- 
ume. Generally, settling velocity measurements of particles 


are reduced to hydraulically equivalent diameters by applying 
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etoke's haw. Thus, in practice, grain size measurements. re- 
quire the acceptance of operational definitions of particle 
size that are only partly related to true grain volume. 

Most size-distributions of sand-size sediments are deter- 
mined by a combination of sieving and sedimentation techniques. 
ihe sieving technique is rapyd and simple, and yields reprod- 
UcaDle results if applied’ to unconsolidated or easily disagesre-— 
gateqd material. The interpretation of the results obtained 
from combined sieving and sedimentation techniques assumes: 

eee emooadimemu on rock can be. broken into tess orieinal 


Componene Dercicles or "grains: 


2. the grains are of similar shape (preferably spheri- 
cal); 
Sep eeneecizessand Gltapes Of the particles, 1m the rock 


mass have not been perceptibly altered subsequent to 
deposition (that is during diagenesis) through (a) 
formation of overgrowths (grain enlargements); 

(b) breakdown of grains through alteration (grain 
diidimitaon), and <c) addition Of cements. 

SULELCe 22 5LO Say, MOst Of the published dateraturcesceal— 
ing with grain size analysis concerns unconsolidated sediments 
(Recent or Pleistocene) or easily disaggregated "friable" 
rocks of older ages; few attempts have been made to systemati- 
cally examine the conventional grain size parameters of well- 
cemented (indurated) rocks of older ages by sieving-sedimenta- 
tion techniques, due to the failure of these materials to 
satisfy assumptions 1 and 3 above. 


Thin section and loose grain mount techniques provide 


“1 
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alternate procedures for measurement of PRaliy siZe ie ola sic 
sediments j¢..necthe.formens, the generally accepted procedure 
is to measure the longest axis (a-axes), restricting the 
counting to quartz grains only. Measurements are made either 
directly, by use of a micrometer eyepiece during observation 
of the thin seetion under the microscope, or on the projected 
image of the grain or on photographs of the grains. Loose 
grain mount measurements are obtained in the same way. 

ihe Wain objections, to size measurements: obtained from 

these techniques are: 

1. thin section measurements do not Vietdalinvell feraan 
size values because the maximum dimensions (a-axes) 
of most grains do not lie in the plane of the Secrion, 

2 bhere piswaa iZescut-of: aanmene fine bangee ( fine te 
medium silt) beyond which individual particle bound- 
at tecuaremiomedsily resolved in thin sections of 
GonventiOnel thickness: 

3. the size of the quartz grains may not have remained 
unchanged since the time of deposition of the sedi- 
ments . 

The advantages of thin section and loose grain mount tech- 

niques are: 

1. the number frequency data obtained from thin section 
and loose grain mount techniques are more suitable 


for statistical analysis than weight percentage data; 


nO 


measurements can be confined: to one CONS Leven sesuCh 
as quartz grains, yielding a homogenous set of data 


more amenable to environmental analysis (Griffiths, 
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de diarenctie effects can in part at least be recognized 
(e.g., clay cement) and excluded from the analysis; 

is) disaggregation problems are eliminated in thin sec- 
tions and more easily overcome in loose grain mounts; 

Depp De loose, Peainsgmounte the true:lomg axes can be 
measured; 

Hheresore, {hesobjectives of this study are: 

Ivpumte. determine and compare values. of the various size- 
sorting parameters obtained by the three techniques 
(sieve-sedimentation, thin section, loose grain mount) 
frome sandstones. of variable. compositaon and texture; 
and 

See cencdmehesontcrrelationships between the size—sort-— 


ing parameters. 
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PREVIOUS INVESTIGATIONS 


A review of the literature on size - analysis shows that a 
majority of previous workers have depended largely on sieve 
size-distributions for grain size studies, and have attempted 
to correlate thin section or loose grain mount size-distribu- 
tions with the sieving equivalents on the basis of either a 
theoretical or an empirical approach. 

Krumbein (1935) adopted the theoretical approach, assum- 
ing a random distribution of spherical grains for correcting 
the moments of thin section size-distributions to obtain those 
for loose grains. His method.does not give the total<distribu- 
tion and can be applied only if the measurements are grouped 
into equal arithmetic class intervals. Greenman (1951) ex- 
tended Krumbein's work and developed a correction for random 
ean section effects by reconstructing the original total 


logarithmic distribution. However, 


2 


as demonstrated by 
Friedman (1958), Greenman's technique increases the discrep- 
ancy between results of thin section and sieve analyses. 

Pelto (1952) extended Greenman's work by including correc- 
tions for random and systematic errors, and concluded that 
more particles must be counted in thin section in comparison 
to a grain mount to achieve the required precision in results. 
Roethlisberger (1955) proposed a graphical procedure of trans- 
forming chord measurements into a representation of grain 
size-distribution. Packham (1955) proposed using the inter- 
mediate diameter (b-axes) of grains in thin section to 


obtain a correlation with corresponding sieve size-distribu- 
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tions. His corrected thin section size-distribution is 
shifted towards the coarser size classes and falls between 
the observed thin section and sieve size-distributions. Sahu 
(1964, 1965) on the basis of a theoretical approach also 
Suggested the use of the intermediate diameter (b-axes) for 
correlating the thin section size-distribution with its siev-— 
ing equivalent. The intermediate diameter showed minimum vari- 
ation with differing shape and roundness values of the grains. 
Sahu (1966, 1968) also developed a theoretical basis for 
transorming number frequencies to weight frequencies to Dring 
thin section size=distributions into aggreement with sieve 
size-distributions. Dixon (1966) made minor amendments to 
sahu's "theory oftransformation". 

Farlier, Hagerman (1924), Bruckner (1935), Munzer and 
penmeadernohn (1935)5 Vavenat (lS¥9),) and Chayes (1950, 1951), 
had also considered the relationship between sieve and thin 
Section vechniques for Size analysis on the basis of theoret— 
ical corrections. 

The theoretical approaches cited in the preceding para- 
graphs pequire certain assumptions: 

1. grains ere spheres or ellipsoids with high anceneamd, 
Constant Sphericiiy: 

2. the spheres Cgerains) are randomly distribUcea, and 
are coOmbinuousily greded; 

3. the nominal sectional diameter is defined as the 
diameter of a circle having the same area as the 
maximum grain section (horizontal intercept); 


ie tii Pains Iida Class interval are of the same size. 


vy y = 
a 
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Rosentelda > sJacobson, and’ Ferm’ (1953. pt U242i2e}Pmade a 
detailed comparison of the results of thin section and siev- 
ing techniques, and listed fifteen factors which accounted 
for the discrepancies between the réstilts of the two’ proce- 
dures." ™iney*compared™ the ttwo'’types” of distributions Ard 
measured the differences between them, concluding that... 

.-"analytically derived correction factors for section- 

ing and for weight to number frequency fail to bring the 

resules of che. two Pechiniques Mnlolarveement. 2). (p.t1). 
However, they found that empirically determined conversions 
with statistically determined confidence limits could be 
Sppiteq fo Similar rock types. Following the empirical 
pppreach, (fricdman GL953), pp. 405-416) showed that a linear 
relationship exists between quartile size measures from the 
sieving and thin section techniques for quartz-rich sand- 
Sronecesand that... 

wetnhemecumulative *requency curves. for sieve size-distri- 

butsons#canm be derived from thin section data using eraph= 

1Gal quartile measures with the aid of an overall regres— 

SiC Orecorvelation graph... 1p. 416) 

In 1962, Friedman extended this approach to moment measures. 
His quartile equation converting thin section moments to 
observed sieving quartiles is valid only for mean grain size 
Wel Bee 

Smith (1966, p. 842-432) made a direct empirical compar- 
ison between the results of the loose grain mount and thin 
section techniques. He found that the thin section technique 


underestimates true grain size by a constant amount, "true" 
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grain size being represented by grain mount measurements. He 
found that 43 percent of the variability is common when the 
a-axes (maximum apparent dimension) of quartz grains in thin 
section are compared with the a-axes of quartz grains in 
grain mounts; the remaining 57 percent is attributed to diff- 


erences in the two, techniques due to grain fabric. 
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SAMPLING AND ANALYTICAL PROCEDURES 


Source of Samples 


The 18 samples for this study were provided DY" Dre Gt. 
Nerion, Kesearch Council of Alberta. Supervisor OL the pro— 
ject. The samples comprise marine and non-marine quartzites, 
Prune sandstones, and aerkose. The samples were randomly 
selected from rock units ranging in age from Pennsylvanian to 
Pleistocene, from Scattered Tocalities in Alberta, Norineast— 
ern British Columbia, and Colorado. Details regarding the 


locations and stratigraphy of the samples are given in Tabite™ 1. 
Conceptual Derini tions 


According to Grarfiths (€1959).)"an ag 2Pesvate OL pariieles, 
or a rock, is defined by the combined properties of its ele- 
ments or minerals and the characteristics of their association. 
Mineral composition, expressed as relative abundances of 
types of particles, and the characteristic properties of size 
and shape, form the fundamental properties of the particles 
themselves. Measures of orientation and packing "Clabrie) 
define the position and order of arrangement of these elements. 
Once these properties are known, an agehegate -or rock Gan be 
defined in the torm Of “an equation (Griffiths, ECTS SG 

P = f£(m,s,sh,o,p) 
where Po- cieiiige. Charectericimpe cine population 
m = mineral composition 


S = particle size of mineral fragments 
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10 
sh = particle shape 
O = orientation 
grain fabric 

Pp = packing 
There are other properties such as porosity, permeability, 
and herdness,.ete.; which can be used +o eCheracterize an 
aggregate. These are called behavorial or derived properties, 
and variation in each is dependent on the above-listed five 
fundamental properties of the aggregate. 

The fundamental and derived propertiestarécscilosely inten— 
related. For example, measures of grain size obtained from a 
particular technique are confounded bypthe “Vintenaction! with 
ether frock properties, invthat.variation-.in size measurements 
may be affected materially by variation in other properties. 


eo the purposevolyt his. study wis to eompare the results sof 


grain size analyses performed by the Sieve-sedimentation, thin 





section, and grain mount techniques, the results of grain 
size measurements are discussed below in the light oof 
Griffiths's fundamental equation as applicable to the three 
techniques. 

In sieving plus pipette sedimentation techniques, rock 
Samples under ideal conditions are disaggregated into their 
individual particles, ee eliminating sthe ref fects.of 
orientation and packing. Griffiths Cop.cit .) proposed the 
following equation for sieve analysis: 

Ps, = f(m,s,sh) Beis) 
The sieve technique encompasses a polymineralic and polycom- 


ponent system and the size measure Ps, is a function of three 


variables, namely, composition, size, and shape. These vari- 
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a 
ables are interdependent and their interaction materially 
contributes to the size measure obtained. 

In the thin section technique, composition is kept con- 
stant by restricting measurements to quartz prasnicyaniven ehe 
equation is reduced to: 

Ps, S60 (si¥shtogp) G2) 
Consequently, size measure Ps, varies with shape, orientation, 
and packing, and a constant correction factor is not possibile. 

A comparison of size measures Psi and PS» can be expres- 
sed in the following manner: 

f,(m,s,sh) = f(s,sh,0,p) 3) 
The differences between the two techniques depend upon mineral 
composition, orientation, and packing. However, size measure 
Psi is only affected by variation in the composition of “erains 
(Rosenfeld et.al., 1953; Friedman, 1958). 

ForMgrain mount analysis, the sample is disaggregated to 
obtain the original clastic particles, which process Pellamaa— 
ates the combined effect of! orientation and packing on size 
measurements. The equation for grain mount size measurements 
is given by Griffiths (1959) as follows: 

roe = £ Gs feh) (4) 
as composition is held constant if measurements are confined 
tongrains of \quartzep7Thus, Sthis technique provides@the 
"purest" measure of grain size, the results being affected 


only be variation in grain shape. 
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Laboratory Techniques 

5ize analysis by sieving plus pipette sedimentation techniques 

Mey erain-size-distribut tons of the eighteen samples lis- 
ted in Table 1 were obtained by conventional sieving and pip- 
ette sedimentation techniques. Three types of sandstones 
Were .used. 

(a) friable sandstones, 

(b) well-indurated calcareous sandstones, and 

(c) oil-impregnated sandstones. 
The friable sandstones were disaggregated by hand rubbing or 
by gentle crushing with a wooden roller on a glass plate. 
The more indurated samples were passed through a jaw crusher 
and the resulting fragments disaggregated in a porcelain mor- 
tar using a rubber pestle. Samples with sail eeistecie or fTerrug— 
inous cement were treated with hot hydrochloric acid. Samples 
with bituminous material were washed in acetone and benzene. 

ine samples were examined for aggregates under the bing— 
cular microscope and soaked in distilled water for 24 hours 
before being wet-sieved, dried, and weighed. The coarser 
than 230 mesh fraction was sieved at 0.25 phi intervals for 
15 minutes on a Tyler "Ro-Tap" machine and each sieve fract- 
ion was weighed. Separate sieve fractions were examined for 
the presence of aggregates under the microscope, and the 
Sieves themselves were checked for oversize and undersize 
areas under the binocular microscope. 

Hiewri were than 2o0 mesh (silt and clay) fraction was 


utilized )for the pipette analysis. Five grams of calgon 
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13 
powder (sodium hexametaphosphate) was added as a disperseant 
in 1000 millilitres of distilled water. 

In the subsequent sections of the Lhe aio erhe saermesiss.ev— 
ing" has been used for the combined sieving and pipette sedi- 


mentation techniques. 


Size analysis by the thin section techna que 

A point-counting procedure involving a mechanical stage 
with an attached point-counter device (Glagolev, 1933; 
Chayes, 1949) was used for random selection of SNe 1S. se eelie 
Ppeine were selected by traversing each thin section perpend- 
icular to the inferred bedding direction. Ten equi-spaced 
traverses were carried out on each Seciionnj.and 20 quantz 
grains were measured on each Pavensenp. FOr, ay toed i0f.2,00 
grains per sample. © For each grain, the maximum observable 
dimension (a-axis) was measured with the aid of a micrometer 
eyepiece. The maximum dimension perpendicular to the a-axis 
(b-axis) also was measured, from which the grain "shape" 
(b/a) values were determined. TU Si. Gham, section quantz 
grain size can be expressed in terms of the dimension of the 
a-axes or b-axes in millimeters, and the shape as the "dimen- 


Ssionless" ratio of the two axes. 
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14 
Size analysis by the loose grain mount cecinque 

Portions of individual pieces of sandstones which had 
earlier provided material for the SLeving sanalysis and (thin 
section were gently disaggregated into detrital grains and 
soaked in distilled water. Clay cements and coatings on the 
grains were removed by hand rubbing and decantation. Crains 
with calcareous and ferruginous coatings were treated with 
hot hydrochloric acid. The disaggregation procedures adopted 
for the sieving and loose grain mount techniques are the same 
except that these differ somewhat in the degree of disaggre- 
gation. 

Loose grains so obtained were mounted in Canada balsam 
on glass slides... The grains lie approximately in the posi- 
EMCMmOnematimMmestab lity. that ic with the a= and boazes on 
the plane of the slide, and c-(short) axis perpendicular to 
pee lrdes Cui bbe 957 Berit fiths, 1959a, 1S SD US Gale: 
Hernibyrc) 196k; and Rogers, 1965). 

Both the a- and b-axis dimensions, as defined earlier, 
and the shape values were obtained by measuring 200 randomly 


selected grains in each slide. 


Data Processing 

The raw data from the three techniques provided 54 sets 
(a,b,b/a values for 18 samples) of analytical observations. 
These contain 18 sets of weight-frequency observations and 36 
sets of number-frequency observations which are given in 
Appendix D. Parameters for the weight-frequency data (sieve- 


pipette analyses) were obtained by means of graphic procedures 
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15 
that yield reou les, inimiilimerenstoriphh nits fs OWAPL-360 pro- 
grams were used to calculate the corresponding moment para- 
Meters for the number frequency data. Also, the APL=360 pro- 
gram was utilized to run reggresion and correlation analyses 
of the values obtained from the three techniques. Details 
regarding graphic and moment statistics and computer programs 


are given in Appendix A and C. 
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16 
MINERAL COMPOSITION AND CLASSIFICATION 


Mineral Composition 


Krymaner (1948) ,.on -the,basiseoferelative size and rela- 
Pives position 31h space of the Genstituents, described the 
"textural" elements of clastic sedimentary rocks as grains, 
Matrix, and cement. Grains are basic elements of texture and 
are the transported (and abraded) particles that form the 
Glasticatramework|o& a vock.. Matrix consasts.of "intergran- 
roe he pe te 1 efesi whichPhecauses ofi smal lansizeurelative.to the 
larger grains fill the open spaces within the framework of 


grains. Cements are chemically precipitated minerals which 





infilterate the rocks after deposition of the Uspaanetand 
pMatwixte eCementsyhavesay’crystalline" rather than a "sran-— 
ular" texture. 

Interpretation of the results of any size analysis must 
therefore take into account the origin of the constituents of 
Ehegrocksin terms of their, relative position, time and mode 
efi Tormation: 

For this study, the main mineral constituents of the 
rocks were grouped into four major classes shown in Table 2: 
grains, matrix, cements, and constituents of uncertain origin 
and accessory minerals. Krynine's (1948) fifth major class 
of "pores" was neglected as most of the samples were virtu- 
ally non-porous. The four major classes in turn were grouped 
into subclasses, the proportions of which were determined by 
point-counting thin sections from each of the 18 sandstones 


examined. The counts were made by traversing each thin sec- 
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tion perpendicular to the bedding; 20 "points" were obtained 
from each of the 10 equi-spaced traverses for each thin sec- 
Lion, ~yreldine a total of 2006 Lpolm se speolsample 5 The  ,e- 


sults (converted to percentage). ave, chown in Table 2, 


Description of the mineral constituents 

Grains - Grains are comprised of Quartz and quartzite, chert, 
feldspar, micas, rock fragments and clastic carbonates. 
Quartz and quartzite - Grains of quartz are common in all the 
rock types studied. These are clear to cloudyeeandecerry in— 
clusions of bubbles, mica, zircon and apatite. Metaquartzites, 
polyerpystalline ‘quartz, and a few monocrystalline grains show 
undulose and regional extinction. Authigenic overgrowth of 
Silica is sometimes present. 

OVere —lhetChert graine sare Colorless to brownish and sub-— 
angular to subrounded. The cherty cement in Sap ee ws Or 
Secondary origin. 

Betdspars = Cléar to cloudy, altered and Una leeced ae Ctuwainned 
and untwinned) plagioclase, orthoclase, and microcline grains 
are common in all samples. Plagioclase shows alteration to 
sericite, chlorite and epidote and partial or complete re- 
placement by calcite. 


Mica - Detrital flakes of biotite and chlorite With occasion— 


al Muscovite occur in most samples. ~ Flakes have been bent 
during compaction. In some cased, biouite has aeitened to 
chlorite. 

Rock fragments - Dark to brownish yellow stained fragments 


of andesite and glassy volcanic rocks, Scnists. phyliites, 


a 























a 7 + ae 
uv aa, a 
— wrote 96. sa tbbed sta ae np two i bao: ; oo 


Sia- Lys Of sate ‘So ieee wot 
i age Yo fasor 6 getbiaky «not? ; 


Pyeyr 


~ 


4ag 


(ozp an (mY OD ig Pregneeroey? ative 
: 7 —— 


1 * 


. ievsaia ett. te norterseaed @ 


sitees aan entend: - anki i 
crt Ise pesoen THgabhet 95 
tet - sd beep Bas = Trentp- > f 
cutt obo tbore, segura ors 
we tO ohm ,eatdivd: Xo enotuutie an 
. _ ekittteup snat fereytoyte I 
yo tenors a5 pre: seo Lubin 
ee "al 
iccapq wemitemoe al oot Dee 
un ere ae ~ Ped 
{ peinvoatiifa of ‘elugns: 
MERE SD yeabrosgs 
6 ‘of% of ‘wpa T - ereqeb tal 7 
: oO , seeiogigaid (becnkwi ae bie, 
OP wot We Icvels -eiqnas fie ol nosis 1s 







shobiqe’ hee etitetalo) yao 98 
» + “ = ee - - 





at 


18 
Slates, argillaceous rocks and clastic carbonates are common 
in the lithic sandstones. The metamorphic and sedimentary 
rock fragments are squeezed between the quartz grains and 
altered to varying degrees. Chloritization, glauconitization 
and hematization are the main diagenetic changes. Rounded 
hematitic and limonitized grains are present in non-marine 
sandstones. These were probably originally siderite grains 
which have since been oxidized. 
Matrix - Brownish irregularly shaped argillaceous material 
with silt-size grains of quartz forms the matrix. It is 
common in several lithic sandstone samples, where it forms an 
almost continuous groundmass with detrital grains in clusters 
strewn through it. The amount of matrix decreases with in- 
crease in size and relative abundance of quartz grains until 
it-is restricted to small, isolated patches. 
Cement - Cement has been subdivided into smaller subclasses 
Oigicaliceoushycaleitic,(ferruginous, elayey.and. kaolinitic 
cements. Hematite and limonite comprise the ferruginous 
coment. wheredsa clayey cement ancludess i11dte45 chiorite ,jmont— 
morillonite and zeolites. Cement is common in most of the 
samples anhdwiss present! as).a thim film around, sraing. and as 
porespace filling. There may also be partial to complete re- 
placement of detrital grains by cement. 
Uncertain and accessory minerals - Opaque materials, probably 
Organic, Comsitutey@<.5 to as much as W55 percent of several 
samples. The grains appear dull black in reflected light. 
Concretions of pyrite showing brassy lustre in reflected 


light are common in sample 15. Accessory minerals including 
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zircon, garnet, kyanite, epidote, tourmaline, sphene and 


hematite are rare constituents of the sandstones. 


Classification 

According to Krynine (1948) a rock has two basic funda- 
mental properties-composition and texture. The texture of a 
clastic sedimentary rock is dependent upon the relationship 
between its major mineral constituents, which is a function 
GP ethe;mode Or formation of “the rock.  As-the peesene  suudy 
is concerned with the size analysis "Of detrital rocks, it is 
important that the relationship between composition and text- 
une be funly Understood? “ft'has “been explained ian the sec— 
tions on "Analytical Procedure and fmalysie8or Crain Size 
Data” that grain size is antluenced by variation in composi-— 
tion. Also, the shape of the grains, which is dependent en 
composition, influences the grain size. Ags SUC hee COnpesd— 
tional ternary diagram (Figure 1) is proposed to explain the 
anfluence of composition on textural elements and ultimately 
One the size analysis. "Tt Ts calted an MRC-diagram and is 


Dased on the following factors: 


1. Composition of the major mineral constituents; 
-2. Jextural elements: sraine, matrix and cement; 

3. Mineralogical maturity; 

4. Provenance and weathering; 


Se DOLE Tne. aie 
6." Detrital versus chemical fraction. 
In this diagram, the M-pole represents the pole of mono- 


Mineralic grains that will’’stand up to disaggregation. 
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20 
QuertzGand@chert. because! oF their’relative Sea hits eee 
grouped along with stable Neavy Minera ls (zircon, tourmaline 
etn) TacethesMepsile.tyrne pi ana@’oe poles represent the un- 
Stable material which may break up on disaggregation. Rock 
fragments, feldspars, micas and matrix are grouped at the 
R-pole. The chemical cement, including authigenic Sle tCe. 
Calcium carbonate, ferruginous cements (probably oxidized 
Siderite) and micromicaceous Clays of the chlorite and kaoli- 
nite series are grouped at the C-pole. 

In the subsequent sections of the thesis, “the terme 
arkose (quartz, 50% on Wese;, Frock fragments, 12% or ess: and 
feldspars, 12% or more), lithic sandstones (quartz, 50% or 
Less’>: (eock fragments 12% or more), subquartzose sandstones 
Ciuartz:, SOMt a 752)! and quartzose sandstones (quartz 75 to 
100%) have been used to facilitate comparison of results with 


published work and for ease of reference. 


EPreot= om Composition on Grain 
Size Measurements and Engineering 


Properties of Sandstones 


There is a correlation between composition of the consti- 
LHeMt shor euclastic sedimentary rock and grain size. The 
stable primary detrital constituents eanied quartz and chert 
are usually of sand size or coarser, where as unstable consti- 
tuents such as feldspars and various types of rock fragments 
may disintegrate to produce finer size material. 


The eighteen studied sandstones can be broadly placed 
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into four compositional groups, mamely > -arkose., “lLathre sand— 
stone, subquartzose sandstone and quartzose sandstone. These 
sandstones have six types of dominant cements as shown in 
Preure’ Pl)’ "The eight sandstones CONeada nine welayvsepl is =catoi1um 
carbonate or clays alone as dominant cement are lithic sand- 
stones, with the exception of one quartzose sandstone (17). 
These lithic sandstones carry appreciable percentages of 
clayey material (Figure 2) which may greatly influence size 
analysis. The cumulative size-frequency curves of these 
sandstones show long tails of fines (below sand size) which 
affect the values of means, medians, and other size-parameters, 
and show these sandstones to be poorly sorted, excepting the 
quartzose sandstone (17) which is moderately well sorted. 
However, the standard deviation values calculated from the 
number-frequency data show all these sandstones to be moder- 
ately well-sorted to well sorted, indicating that the clays 
(mainly authigenic) affecting the size analyses (determined 
by pipette sedimentation) are responsible for the break in 
the cumulative curves at 4 phi size. These cumulative curves 
sus eseSst Composite "size=adistriburions:= Thus *the ctmutarive 
curves™arve notably skewed and may “or may not reflect the ori— 
ginal environmental conditions of deposition. The subquart- 
zose and quartzose sandstones with dominant stable mineral 
constituents (quartz and chert) and varied types of cements 
are moderately well sorted to well sorted, and have nearly 
log normal Sieve size-distributions in) the portions of the 
cumulative curves derived from piece: The cumulative curves 


invariably show sharp breaks at the points (4 phi) where 
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sieve cumulative curves join the pipette cumulative curves, 
an effect of clayey cement (authigenic) which produces in- 
creased skewness towards the fines. However, skewness is 
more pronounced in lithic sandstones because of Jargen pens 
centage of fines and clays than in subquartzose and guartzose 
sandstones. The increased skewness values in subquartzose and 
quartzose sandstones(compared with standard deviation values) 
may give a wrong impression of their environmental deposit- 
ional significance. Therefore, thes ePrai Nasi zesanalysisyis 
affected by variation in composition of the mineral constitu- 
enter 

The compositional aspects of size analysis are also 
important to engineers for judging the behaviour of soils 
under working stresses. Normally, sandstones have maximum 
density with normal moisture content, and will be stable 
under stress at the surface. However, sandstones rich in 
elavyepand silt (lithie: sandstones), and having an abnormal 
moisture content, become more sensitive and unstable when 
disturbed (have low liquid limit and low plasticity index). 
However, given the physical properties of clays the necessary 


calculations: for. adjustments,can besmade. 
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ANALYSIS OF GRAIN SIZE DATA 
Size frequency Distributions 
, 

Prequency histograms’ showing the size-distributions of a- 
axes measurements from thin section and loose grain mount 
analyses, and weight-percentage size distributions from sieve 
analyses in phi units are shown in Figure 3 for the eighteen 
Sandstone samples. The theoretical normal pmequlency ciscip)— 
butions also have been calculated for thin seetion and loose 
peveainfmeuntadatat eThé histograms show a general leftward 
shift of modal class towards the lower phi valués Clarger 
size) from sieve to thin section tegerainemountmpeihenteeq— 
uency distributions are more unimodal, nearly symmetrical, 
mesokurtic to very leptokurtic in quartzose and subquartzose 
sandstones; and unimodal to polymodal, uUnsymmetracal, Ppllaty— 
kurtic to extremely leptokurtic in lithic sandstones and 
arkose. 

A comparison of the thin section and loose grain mount 
size frequency distributions of four sandstones plotted on a 
phi scale, and with the same distributions ploreedsonmagm1131= 
Meterescale raishown ting iglirer4in Thendatasindiestes Bhat 
the size frequeney distributions of lithic (Figure 4a,b,c,d), 
subquartzose (Figure 4e,f,g,h) and quartzose sandstone 
(Figure 4i,4,k,1) are either symmetrical or skewed towards 
finer sizes when drawn in phi units in both thin section and 
grain mount, and become asymmetrical and highly skewed towards 
coarser sizes when plotted with a millimeter scale; excep ting 


the frequency distribution of subquartzose sandstone (Figure 
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4f) which shows a fairly normal rrequency @curve, +» *Thersize 
frequency distributions of the arkose in thin section and 
grain mount show polymodal behaviour when plotted "in* phi 
units (Figure 4 mo). However, the distribution with milli- 
meter scale is asymmetrical and bimodal in grain mount, and 


polymodail. tn™thin section! 
Comparison of Means and Medians 


The mean and median have been selected as the best mea- 
sume =Or central tendency, thak is tthe Yaveragse™@= size ofa 
distribution. The median is most suitable for open-ended 
distributions and the mean for closed distributions. 

The means of quartz grain a-axes in thin sections and 
toose grain mounts, and the medians of total samples Trom 
sieve analyses vary from sample to sample. Ue peiemattees lian 
section analyses yield coarser size values than sieve analyses, 
and grain mount analyses yield coarser size values than thin 
section analyses. The average median value from sieve analy- 
ses of eighteen samplés”is''2583 “phi, "and*thé "average mean 
values from thin section and grain mount analyses are 2.53 
and 2.729 pnts lrespective ly VeSThueesthevdiscrepaney between 
values is greater between sieve and thin section techniques 
(0.30 phi) than between thin section and grain mount techni- 
ques (0.24 phi). 

Differences between median and mean size values for the 
three techniques are plotted in Figure 5 against mean grain 


mount size. The three diagrams show a wide scattering of 
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28 
paints; however, an indication of’inecrease in difference with 
higher phigsizeseis moredyin Fieures Sa and 5b. The scatter 
diagrams 5a and 5b show a compositional grouping by rock 
types similar to the patterns observed by Rosenfeld, eecal” 
Cio dep 2S eineatheinastudy of grain size techniques. The 
fields of arkose, lithic sandstones and subquartzose plus 
quartzose sandstones are clearly demarcated. Thus, it can be 
said that the differences in mean and median or mean sizes are 
related to the size measures obtained from the three techni- 
ques, and are attributed to the differences between the tech- 
niques. These and other relationships between median and 


mean size values are discussed below. 


Regression Analysis 


The interrelationships among the three sets of mean and 
median grain size analyses for the eighteen samples were 
determined by linear regression analysis. The analyses were 
done for both phi’and millimeter data, and the two scatter 
diagrams for each of the three sets of values are shown in 
Fisurene:. 

Au fae hun sectuon | versus plloose ssraingmount values 

The relationship between thin section mean a-axes and 
grain mount mean a-~axes measurements are given by linear re- 
gression equations of the form: 

Vh= daetabx (5) 
where y,x are the mean values determined from the two 


téechniquessinephitor millimetersunits; 
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26 
and 
a = intercept on y-axis 
b = slope of the regression line. 
The equations determined by least squares procedure 


For the™twoe- sets of data are: 


yen oe ie ones (phi units) (6) 
and y 2°90 04562 292s 14k (min "unt ts) C7) 
where x ="meen™a-axes, Loose crain* mount technni-= 


y = Meanwa-axes, Chin seetion teehnique. 

If there are no differences between the results obtained 
by the two techniques, then the regression COEPT LCTent™ (b> 
should equal-l-and the intercept (a) should equal 0 (Taro, 
See 7). roretne phiedata, pb is not sipnigicently 
different from unity as determined by the t-test (Snedecor, 
Oe te 2) are meho=inzercepte Ca) = ts=niol- signnt reant ly 
Grrference: from erat the 0:050 Weve) (actually significant at 
themU.25" level)™ "ther départire of residual°variancel (0.2066) 
from 0; however, iandicates that the two techniques are differ- 
opr aro. O64 USOT OIDs 

For the millimeter data, regression coefficient (b) and 
a-intercept "are eienitieant lyeditrerenteat thes 0s00 5s anamunOal 
levels ,"respectively labile® opr rinas=indreates*thatethet thin 
section underestimates the size in comparison to the grain 
mount by a constant (0.0456mm) , and that the difference in- 
creases with decrease in size and decreases with increase in 
size. 
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are 0.83 and 0.99 for phi and millimeter data, respectively 
(Tablei GdnelThus,labout S0epercent (nr?) of the variation in 
phi size measurements remains "unexplained" by the regression 
of the two techniques, whereas only 2 pereencs ore Theivaraation 
in millimeter size measurements cannot be attributed to the 
regression. 

The effect of mineral composition on differences in 
grain size analyses obtained by the two techniques? isanot 
obvious from the scatter of points in Figure 6a. The quart- 
zose and subquartzose sandstones (derived quartzites, sub- 
@vertzites), prockspwithhiittle orino Clayey Cement) | show mini- 
mum deviations from the regression line, whereas the lithic 
sandstones with a high "matrix" content (detrital and authi- 
genic clays) show somewhat higher deviations, although these 
Bre NOneconsestent wnloneiidimection!s alheylackbof tanyacléar- 
cut trend here might be expected on theoretical grounds, as 
the finely crystalline silty and clayey constituents of the 
rocks are not directly accounted for in determining grain 
size by either procedure. 
B. - Loose grain mount versus sieve values 

Scatter diagrams showing the relationships between grain 
mount mean a-axes and sieve median measurements are shown in 
figure 6c and 6d. The corresponding equations for the two 


sets of data in phi and millimeter units are: 


yoe= 60. 1S ohed. ox (phi wanis) (8) 
and vy CamO0SS + 0O.25Sx. (Cnn units) (CN) 
where Vy Moeiiedi an js zeve (technique and 


=(mean a-axes, “loose grain mount ‘technique. 
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The regression coefficient (b) and intercept (a) are 
Bien c canely different from unityand zero, respectively at 
thes0.l0gand,.U0s bevels:in, thescase sof phi data, and are 
Significant at the 0.0005 and 0.05 levels, respectively for 
the millimeter data. The sieve analyses underestimate the 
grain size in-comparison to the loose grain mount technique, 
and thus provide washicher phi or. lower millimeter estimate of 
the average scraines 126 ,ofemost sandstones (17 of 18 sandstones 
described here). 

ihem@ecorrelect One coctiacients, (r) for thé two equations 
ares0,83,tor bothiphi. and millimeter data. Thus, 31 percent 
OS of the variation in phi and millimeter size measurements 
remains "unattributed" by the regression of the two technicues 
(Talbe 9). 

Hines eieecm OFMCompOsad 1On On size analysis by the above 
two techniques is not obvious from the scatter diagram 6c. 
All the quartzose and subquartzose sandstones lie on or close 
to the resression Jine-in comparison to the lithic sandstones 
which are widely scattered both above and below the line. 

The observed sieve median phi size values are higher (lower 
in mm) in comparison to grain mount mean a-axes values, in- 
dicating shift of sieve median values towards higher phi 
S76S,,8m eh eet or silt size fraction sand cement. | lie share 
in sieve median phi values is more pronounced in the case of 
three lithic sandstones (4,12,13) which are rich in matrix 
end. layey  Gemeniw. 

C. - Sieve versus thin section values 


The scatter diagrams showing the relationships of median 
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size values obtained by sieve analyses and thin section mean 
a-axes size values for the eighteen sandstones are given in 


Figure 6e and 6f for phi and millimeter data, respectively. 


Yea oo 1 06x (ona Units ) Gian 
and m= t0P 2570 35257 % Came an ts) Cim) 
where y = mean a-axes, thin section technique and 


x = median, sieve analyses. 
PNewPepression ecOetiicient(b) and y-axes intercept (a) 
are significantly different from UNLEY and zero at the 0. 10 
and 0.025 levels, respectively, for the pit data, and at 
Ua010 evel for the millimeter data. 

The correlation coefficients(r) for the two equations are 
O-92 and UlSé3 for phi and millimeter data, MESpectrvely. 
thus, about 1s and 31 percent Gey Of the variation cannot be 
explained in phi and millimeter size measurements, respect- 
ively, by the regression analysis. The thin section analyses 
Victd ower pi) or Nigher millimeter size values on the aver- 
age than the sieve analyses, and thus provide a higher esti- 
mate of the average grain size of most of the sandstones (14 
of the 18 sandstones described here). 

EE eerouped by Composition, 7) Of tie. ¢ subquartzose and 
quartzose sandstones fall above the regression line in Figure 
6e, and 6 Of “the 8 Lithic sandstones and the Single arkose 
fally below the Pesrescion lines = iat ae, the GUatTZOSe POCKE 
yield slightly lower sieve median phi values than expected 
from the regression analysis of the entire suite of sandstones, 
and the lithic sandstones somewhat higher values. This dispos- 
ition of points on the scatter diagram indicates that composi- 


Tien is influencing the results of size analyses; presumably, 
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30 
the Fine) silt end.clay contentsof. the-lithic sandstones tends 
to shift the median size values determined by sieve analyses 
towards the finer sizes (higher phi size Vailne){pnalthough 


the opposite effect is observed in two clay-rich samples 


(Ge ies 2 he 


Summary 

Table 10 gives the observed mean grain mount a-axes size 
values in phi units for the eighteen sandstone samples , ebo= 
gether with the observed and "corrected" equivalent mean and 
median size values determined from thin section and sieve 
alialysces. se .Loomerhesesand the ReSPeSSLON tanalkysi.g data, the 
following observations can be made with PESDECE WO FEhe wen pen— 
relationships of the mean size values determined by the three 
techniques. 

1. The results obtained by the three techniques are 
highly correlated. 

2. The grain mount technique yields the pee sit pGib.e 
the coarsest) estimate of "average" grain size, and 
the sieve technique the lowest estimate. Although 
tests of significance indicate that the slope (b) 
and intercept (a) for the regression equation involv- 
ing grain mount and thin section results in phi val- 
ues. ane not, significantly ditferent from unity and 
zero, respectively, a comparison of the sets of 
observed values from the two techniques in Table 10 
indicates that the results are different. The resi- 
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erent from zero(0.2066) and shows that the techniques 
are different. 

The slope (b) of the regression lines indicating the 
linear relations among the results of the three tech- 
Miqucemake Silene icantly ditterent from unity at the 
0-005 stevel fom themillimeter data and at 0.1,0r 
ppeateveevel Lore thespha data, (Table 9). (This in= 
dicates that the observed differences between mean 

or median grain size values obtained from the three 
techniques change with) changing grain-size; thus, a 
SOnstantacorvmecticon factory cannot be employed in 
teansilabtingpehe results ot one technique, to another. 
The .excepitonyto this statement is found.in the re- 
gression equation for phi values for grain mount and 
Bhungeceetsom anelyces. ingwhach (b) is nop sionifi-— 
 SCanukyedvicerentyivom unity... However, the very .fact 
Blatathe resi dualeaveriance Of.y is different from 
zero(QF 2066) cuggests that the slope.(b) as not 
exact lyaumicy- 

LhepcEsec. Ol amineralwcompcesitions~on graingsiveuanal— 
ysis is uncertain owing to the small number of samp- 
les involved. However, plot of differences between 
median and mean, (thin seetion)-and, median and. mean 
(grain mount) against mean grain mount in Figures 5a 
and 5b suggest that composition has some effect on 
the results of sieve analyses, especially when com- 
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Sphericity 


Sphericity is one of the components of grain) shape, 
and-can be détined in terms of the three major axes of a grain 
the long or a-axis, intermediate or b-axis, and short or c- 
axis lying in planes perpendicular to one another. In thin 
sections, in which the observed grain outlines constitute 
random two-dimensional slices through irregularly shaped 
grains, only two mutually perpendicular axes can be observed, 
conventionally referred to as the long or a-axis and a b-axis 
which is the maximum dimension of a grain along a line drawn 
at right angles to the a-axis. In loose grain mounts it is 
assumed that the majority of grains rest in the plane contain- 
ing the long a-axis and the intermediate b-axis, with the 
short c-axis at right angles to the plane of observation. 
Thus, a set of a- and b-axes measurements can be obtained 
from loose grains mounted on a flat surface and compared with 
corresponding sets of randomly selected a- and b-axes measure-_ 
ments obtained from thin sections. 

The histograms based on number frequency data of b/a 
Patios in thin sections and loose grain mounts of eighteen 
sandstones are unimodal and quasi-symmetrical except that 
they ape truncated at the upper Jamit of sphericity values 
(max. sphericity = 1). In general the grain mount modal 
Valles  Ii1é an the 0.70*to 0.80 rencse*and the thin section 
values in the 0°60 to 0.70 range (Figure 7).* Also, the trun- 
cation at the upper limit of sphericity values is more pro- 


nounced in grain mount than in thin’ section. Some differ- 
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33 
ences also are apparent among the various rock Uypes epresent, 
which are discussed below in more detail. 


Comparison of Mean a- and b-axes Measurements 


A. - Loose grain mount values 





Scatter diagrams showing the relationships between mean 
ammandsbaaxes,obsenved singloose grain mounts,rof .ceighteen 
sandstones: are given am preumenonCanandsb)eioraboth phi and 
millimeter data. The diagrams show close positive linear 
Pelationsheps Gongihe twousets of data, the corresponding re- 


gression equations being: 


vy = OS 21 Ot eis oe Cplaetinats,) Gi) 
and = ORNS Om emo 70x (mm units) 13) 
where ye=ymeans boaxes; and 

xX = mean, a-axes. 


thenrersvess. on jcoefficiéntetb) jysdsienificanthy differs 
ent-from unity at the 0.050 level for phi and millimeter 
Values, awhereasptheiy-axis intercept«(a) \isesignificantly 
dviterenustromrzero | Gat) thew0t025elevéel) (forathesmi llimeter 
datawand insignificant forwthepphivdatas) Thue, ditveantbe 
sdid that sphericity varies directly with size in the case of 
millimeter values; the grains become more spherical with in- 
epreaséoinesizée and) more )elongated with#deerease in«size. The 
movementioh finessizeSparticles pmejbyasuspensieneandathus the 
grains will become more elongated and less spherical because 
of softangatRussebl gnl955)e 


The relationships are highly significant as determined 
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34 
gee ec Claro. 907) pp. esd l-401) yielding r-values of 0.94 
and 0.999 and vr? Volvee oreo lrandec.09 (lable 11) for “the 
phi and millimeter data, respectively. 
Be = Thin, section: values 

Relationships between a- and b-axes of quartz grains 

observed in thin sections of the eighteen sandstones is shown 
in Figure 8 (c and d) for the phi and millimeter data. The 
scatter diagrams show close positive linear relationships for 
Both sets of data~ | the corresponding equations for the phi 


and Mulbimetér data are: 


= OO te. PING CPi nes) (14) 
and y = 0.0004 + 0.668x (mm units) Gis) 
where y = mean, b-axes, and 


xX = Mean, a-axes. 

Tice vesressaoncoetfie@vents (bh) are sicnificant from 
Unaty at 0-005 level for both phi and millimeter data, where- 
pop elc mntercept = (a) is siemiticantly different from zero (at 
ORO000s Vevel) for the phi data and insignificant for the milli- 
meter date. | For pli values, thanssection measurements show a 
homoscedastic relationship with sphericity increasing with 
increase in grain size Clower pha values), sand decreasing 
with finer size (higher phi values). 

The relationships are highly sigmiticans, yielding cor— 
relation coefficient (r) values of 0.98 and 0.999 and vr” 
Values of OU 96.and 090s for sinew piteand i mimbimeter date , 
respecimvely. (lable. ii): 

The data is Significantly highly correlated for phi and 


millimeter values in thin sections and loose grain mounts, 
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thus Measurement of one set of axes is sufficient for an 
estimation of grain size; the second set contributes little 
additional information. Also, the long a-axes measurements 

in both thin section and loose grain mounts VacldVsieniticant— 
Tyeohienerreraia “size. values than the corresponding b-axes 


measurements. 


Comparison of Mean Sphericities of Quartz Grains 


ihe average mean sphericity values of quartz grains to- 
gether with other statistical parameters are listed in Table 
Peron dit MeoPeme stites: Of rocks ine thin sections and loose 
grain mounts. Griffith's (1967) averages for mean sphericit- 
ies of quartz grains according to rock types, and mean spher- 
icity values in thin section and loose grain mount from 
Other sources are listed in the first and second columns of 
this table. There is a close matching between values of 
Mean sphericity Of quartz grains in lithic, subquartzose, and 


quartzose sandstones and their equivalents from various sour- 





ces. The average mean sphericity value of 0.7372 for the 

lithic sandstones matches closely with the mean quartz spher- 
icity values of 6.754 and 0.753 obtained for the Oswego Grey- 
wacke by Curpay (1949) and Curpay and Grigtiths (1055) using 


: Per : 2/3 
KYrumbein's sphesieity technic «(poyjeu)) 4 


The mean spher- 
icity values of quartz grains in arkose are higher than those 
UiSLedyinea COLUMN LWO. Or lable sive ine Mean evai Sizes of 


quartz in thin section and loose grain mount for the arkose 


sample are 1.4892 and 1.3365 millimeter, respectively, there- 
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36 
by explaining the higher sphericity values which are directly 
related to size (regression equation 13). In general, an 
increase in mean sphericity values of quartz grains is noted 
from lithic sandstones to quartzose sandstones. Also, the 
mean sphericity values of quartz grains observed in grain 
mount are higher than those obtained from thin section. The 
grain mount sphericity variances are less in comparison to 
hon cae. 

- A scatter diagram showing relationships between mean 
sphericity ratios of quartz grains in thin sections and grain 
MOMnUS LOMA nesenehteen sandstones are given in Figure 8e. 
The diagram shows positive linear relationships between two 


sets of data, the corresponding regression equation being: 


Vern UMUC ETE Oe oi Gx Gil6:) 
where yeStemean’b/a, thandsection,sand 
x = mean b/a, loose grain mount. 


The correlation coefficient (r) is highly significant 
(r = 0.589). Therefore, it can be said that over 34 percent 
(r*) variability is common between thin section and grain 
mount mean sphericity, and that nearly 66 percent variation 
remains "unexplained" by the regression of the two sets of 
data. 

The diagram shows wide scattering of lithic, subquart- 
zose, and quartzose sandstones both below and above the line. 
However, there is a demarcation of fields of quartzose and 
subquartzose sandstones together, and the lithic sandstones 
together on the basis of mean sphericity values. Six out of 


9 guartzose and subquartzose sandstones have higher mean 
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sphericity values than the ‘lithic .sandstones. 
Comparison of Size-sorting (Standard Deviation) 


Agents of transportation tend to sort particles according 
tOmthe. suze, shape. and specific, gravity of the, particles. 

i SOnpoOGtime as ini luenced by other factors affecting the 
environment and the conditions of the medium at a particular 
site. Thus, the degree of sorting measured by the "spread" 
or dispersion of the size-frequency distribution, is geolog- 
Peahlw Significant. 

Standard deviation has been selected as the measure of 
sorting of the size-distributions discussed herein, measuring 
the dispersion about the mean or median value. 

The sieve analyses standard deviation values used for 
this study were obtained by transforming Inman's (1952) phi 
deviation measure using Friedman's (1962, p.746) quadratic 
regression line. The standard deviation data was treated to 
similar statistical tests as were applied to means and medians. 
However, correlation between the three sets of data was signi- 
ficantly lower for the standard deviation than for mean and 
median, »lhis 16 probably due suo. the sreater sensi tivity or 
sorting measures to minor differences in size-distributions. 
Conrel ations are higher between thin, section and grain mount 
standard deviation values than those obtained for sieve and 
ora MOU wend fom ocieve ands thinwseciion valies. 9 Scatter 
DloOms Showitiges he relationships between. the three sets of 


Date eeeiVenmi ner igure 9 (asb.c.d) and Figure 10 (a,b,c). 
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The regression and correlation data are listed in Table 13, 
and the values of standard deviation obtained from various 
techniques in Table 14. 

Ineweorpetvation coefFicients*of standard deviation are 
G2h3s andg0e937) hrespectivelyoforrphiand *milbimeter data 
hnompLni neséeetronpandigrayn mount techniques (Figure 9a € 9b). 
In comparison to a-axes, the b-axes standard deviations 
Scalicerplotmmunricune Ye@rives hishlyvetanificant'r-values 
Ons,0VeIestion thewphi sdatalin thinSseetions and loosé grain 
mounts. The phi deviation values (transformed) from sieve 
enabysestaive Signi encantl] yrhighnerGvalues cf 00652 and of53 
when compared with the standard deviation values obtained 
from loose grain mounts and thin sections, respectively 
Gleb lewis ehi er decor 0b. AbComparincg *thedstandard deviation 
measured-in miliimeters, the sieve-grain mount and sieve-thin 
section comparisons show low negative correlation values of 
GMse) and OF219Grespectively Golvelsionit reant tat tine 60 21 
level., Figures 10a and ec). 

The sieve analyses give low phi deviation values for sub- 
quartzose and quartzose sandstones and high values for lithic 
sandstones and arkose. The phi deviation values on conversion 
to a millimeter scale reverse the magnitude of values for 
quartzose sandstones, lithic sandstones and arkose, thus 
changing the regression from linear positive trends for phi 
data to linear negative trends for the millimeter data in 
grain mount-sieve and sieve-thin section correlations. Accord- 
migly; tie drmferences betweenwalves or (standard deviation 


and deviation measure vary with increase or decrease of 
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values in thin section-grain mount and sieve-thin section com- 
parisons for millimeter and phi data. Also, there is a grad- 
Ualeralliinnheerrelation fromierain mount—thin "section: to 

grain mount-sieve to sieve-thin section, and from grain mount- 
Sieve to sieve-thin section comparisons for the millimeter 

and phi data, respectively. 

Comparing the standard deviation values in the thin sec- 
tion, grain mount, and sieving techniques, the observed sieve 
phi deviation values are the highest (14 out of 17 values) 
because of the inclusion of fine silt sizes and clayey cement 


(Table 14). Thin section phi standard deviation values of a- 





axes measurements are on the average higher than grain mount, 
but with many exceptions (11 out of 18 values). 

The scatter diagrams in Figures 9 and 10 show wide scat- 
tering of points from the regression line. In general, the 
subquartzose and quartzose sandstones show less deviation 
from the regression line as compared to greater deviations 
shown by lithic sandstones and arkose. However, the plots in 
Frourese7mGp,d)andml0mCa jhe) “show “alicompesi tional lsrouping 
6Pelithec’sandstonesmandVarkose séparatedsirom sub@quaruzosce 
and quartzose sandstonés, with "few exceptions -SuThertscatver plet 
of-- phi deviation (transformed) and standard deviation shows 
the best compositional grouping for the millimeter data in 
sieve and grain mount comparison (Figure 10a). Eight out of 
9 quartzose and subquartzose sandstones lie above the regres- 
sion line (Sample 7 is the exception). .cAll the lithicesand- 
stones and the arkose lie below the regression line. Thus, 


the sieving technique gives higher millimeter deviation 
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Values for subquartzose and quartzose sandstones and lower 
values for the lithic sandstones and arkose, against low to 
moderately high values of standard deviation by the grain 


mount technique. 


Comparison of Measure of Symmetry (Skewness) 


Skewness is a measure of symmetry; it measures the depar- 
ture from a symmetrical distribution by the addition of 
either a coarser or finer "tail" to the distribution curves. 
For grain mount and thin section size data, skewness can be 
calculated from the third moment of the frequency distribu- 
tion; for sieve data, skewness is calculated graphically util- 
izing Inman's (1952) "first" and "second" skewness measures 
eiven in Appendix AY The “first” skewness measure 1s sensi- 
tive to:skew properties occurring in the bulk of the distribu- 
tion, whereas the "second" skewness measure is most sensitive 
to the distribution within the tails of the sediments. 

The mean phi and millimeter skewness values obtained 
from the three size-measurement techniques are shown in 
Table 16, and are plotted on the scatter diagrams in Figure 
Hi (a,D,¢,d,e.2). Corresponding Summary Stalve iCel1 ommrer 
phi and millimeter skewness are given in Table 15. 

Correlations for mean Skewness values between tne tlivee 
techniques are lower than the correlations obtained for the 
parameters of mean and standard deviation. The lower corre- 
Jatilons ere probably due to the very sensitive neture or the 


skewness Measure, particularly the minor differences at the 
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beat eOfethe distributione. 

Figures lla and 11b show the plots of mean skewness in 
thin section and loose grain mount in phi and millimeter 
Unite Shivehiy sieniticant r—-values of 016389 and 0.708 are 
obtained from thin section and grain mount techniques for the 
pha and’millimeter data,’ respectively. Therefore, 40.8 and 
See pePcenuvor “The -varvetion in thim sectson Gan be associ= 
ated with variation in grain mount skewness for the phi and 
Maddimeter data,“respectively. The srain mount-sieve and 
cleve-thin section technaques give moderate to low signifi— 
Senueorrelacion values or 0246 and= 0,42) TorY’the “"firet" 
SBxewness Measure ror phi* data (Table 15).°- In’ comparison ‘to 
the "first" skewness, the values derived from the "second" 
skewness measure show improvement in correlation when plotted 
against moment skewness values obtained from grain mount 
Cee onde (mommtnine cee rom (re= 0793 )for 'the-phis data 
eieupes I¢ecPand ie )MaFor the millimeter data, the corre-— 
lations between grain mount-sieve (r = 0.167) and sieve-thin 
section (r = 0.306) techniques are not significant and have 
negative trends. 

inesencrad, ~“d=cradual*rall in correlation 15 novedm.rom 
grain mount-thin section to grain mount-sieve to sieve-thin 
SecuLroncorrelations@for the* phi tdeter er tiites ra lieaimeconr.e— 
lation can be explained by increased interaction of complex 
variables involved in sieve and thin section techniques (poly- 
component systems) and the role of fine silt sizes and clayey 
Cement ® 


Skewness values obtained from the three techniques show 
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consistently higher phi skewness values for sieving analyses 
in comparison to thin section which on the average show higher 
values than those obtained from the grain mount technique 
Clables lO) se tonic can be vexplained by the inclusion of silt 
size fractions and clayey cement in sieving analyses, and 
probably by the underestimation of quartz grain sizes by thin 
eectionsanalbyste. Accordingly, size distributions wath high 
positive skewness remain equally unsymmetrical by all three 
techniques whereas the sieving and thin section techniques 
give positive unsymmetrical distributions as opposed to sym- 
metrical and negative unsymmetrical distributions Li Leper an 
mount. 

All the diagrams show wide scatterings of points both 
below and above the regression line. However, diagrams in 
gipures lla and tid InGveate a) erouping based on rock, types. 
Pope veurewlia (spain moeunt—-thin section) 7 out of 9 subquant— 
zose and guartzose sandstones lie below the regression line 
Gime OmDe wo tle lexcepi rons) wand. 6 Out Of, 90 1ithic sand 
stones and arkose lie above the regression line, samples 2, 
Gavand 12? being. the. exceptions, A similar separation is 
nOred in Figure lid, although thescomme lation betweascraun 
Mount and ~aeve skewness 5 Nob Supniticant Torsten ini ia 
Meteredata.. 

Thitc. for, ules lithic, sandstonessand erkose The “chin sec— 
tion analyses, give higher estimates of phi skewness and sieve 
analyses give lower estimates of millimeter skewness when com- 


pared with the values obtained from grain mount analyses. 






















ot py sasowate Eri sodebe ehtaetmtaa0g, 
inv beto (rod hae wit og age itegnoo pt 
holed: enadt. sete soul’ 

ot aso etdT. «bat alder) 
rite SLO Die, sitoLsIops> ante 
-o it spt ta pepe arid yet vidadong : 
; 
tig ri breesA ; shay lous nottaae 
a(S ff aatee scnaweka. swith 
tiveie wht seotmiw-soup hates 

L634" prey avitigog ovig. 7 

: i tomes ewetagen btt& ieoissom@. 
. 

. TORE 

; ae .. 

= tw wopte suntmnembts ets LLA ube 4 
‘agugoy.ed? svoda-Bbas moked | 

ji quoty vzechbat BAL bos elf eo wyet 
dt petit ale fa) ofl squgit at 

aapehbe ies aro Piaup Ste Seo | 

> 7 fo. 8 ‘Grea papaya uated Gf @ wy 

“it 2rots. & - SEQnEs rw cr 

ae sagee teligha A yal igeone sie hing SL bas 8 
wes parent nokasouee wet ea tties sabe ins ‘ale 






ios } 





‘ 
- 


LOSES eA SAE 





43 


Comparison of Measure of Peakedness (Kurtosis) 


Kurtosis is that property of a frequency distribution 
that measures the "peakedness" of the curve, and for a normal 
frequency distribution has a value of 3. For "closed" dist- 
ributions, such as those generated by thin section and grain 
mount size measurements, kurtosis can be calculated from the 
four tiimomentegtioril Nopen"odistrabutions; isuch asi those gener- 
ated by sieving analyses, kurtosis or peakedness convention- 
ally is estimated graphically from the cumulative frequency 
distribution using the phi and millimeter kurtosis equations 
given in Appendix A. 

The mean phip kurtosis! values obtained: from the siize-dis- 
tributions of 18 sandstone samples are given in Table 18 and 
phe scatter diasramenoteiihe Sameianel plotted! ini Figures 12 
(a,b,c). The corresponding regression equations are listed 
in Labiie tia 

the regressionsa of: the. three setse of data show inconsis-— 
Leni ge micars rend skiofy zeros on highly) significant correlation 
VaAlnesei ni ihhie @raine mount ,gchingisect ion, lands evineutechnd — 
quesvyiors the phitand:millimeter datas »Novcorrelatony exists 
between grain mount and thin section phi kurtosis values. 
However, the grain mount and sieve techniques give highly 
Signage cantweorretart ionatrpel obigi ta cvaleb) Tom theaphidmata . 
The correlation between sieve and thin section technique 
drops to a not significant negative value of 0.134. This is 
ioe contradicinon, tollineam positive sSignificahte correlations 


pbhtaineda bygPpiedmanb( 1958) andeRosenfeld: ete ale(1953)i for the 
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phi data. The millimeter kurtosis. data show moderate to 
highly significant correlations between thin section-grain 
MounteGe se054255 Figs .12a);between grain mount-sieve. (n-= 
OG eo bene lec) sand anobpsignificant: very, low.correlation 
between thepsievesand thin ssection techniques.(p.= 0.114). 
The Re aeaa correlation between the grain mount and sieve 
techniques shows that the differences in kurtosis increases 
Wien Eheginerease in kurtosis values for both phi and milli- 
meter data and vice-versa. However, the inconsistency in re- 
gression trends and nil to moderately haghscorrelations for 
mean phi and millimeter kurtosis indicates that peakedness is 
more a function of differences in techniques than of differ- 
en ees sbetweenpsemples. sAlso,.<the relationships between,.the 
mnmcenseresOt datawcanyberattributed to the,extreme sensitiv- 
bey Ot theskuptosis.measure to variations.and fluctuations in 
the extremes of thersize-distributions. 

The mean kurtosis values obtained from the three techni- 
@uecharesisted-in lable.18% }»The sieve .size-distributions ‘of 
the 18 sandstones show lower phi kurtosis values than those 
Obtained irom either;thin.section.or grain mount technique. 
Thesvalue of) )eraphict kuntosis. for .aynormal <frequencyusize-= 
distirpbutnonyasil,athus»explaining the, lowermpmagniiudesor 
sieve phi kurtosis values.«.The thinssection.analyses, on the 
average, give higher mean phi kurtosis values than those de- 
rived from the grain mount analyses. 

The scatter diagrams in Figure 12 (a,b,c) show wide scat- 
COCA GR Om  petneo wel ip E Veuve Ze. Nae Shki eh indpeation.of 4com- 
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mount and sieve analyses for the millimeter kurtosis. Seven 
out of the 3 subquartzose and quartzose sandstones lie above 
the line and 2 below the regression line, whereas 5 out of the 
8 lithic sandstones and arkose lie below the line (Samples 6, 
13, and 18 being the exceptions). Thus, the sieve analyses 
on the average have lower millimeter xurtosis estimation for 
lithic sanstones and arkose than for subquartzose and quart- 


zose sandstone. 


Comparrson” or Total sDistributions 


Four samples were randomly selected, one each from the 
lithic, subquartzose and quartzose sandstones, and the arkose, 
for comparison of total’ size-distributions® obtained: from 
grain mount, thin section, and sieve analyses. Cumulative 
curves based on number and weight frequency data from grain 
mount, thin section, and sieve techniques are plotted 6n 
arithmetic-ordinate probability paper in Figure 13. The 
statistical parameters of the four sandstones as obtained 
from grain mount, thin section, and sieve techniques are 
fasted tineTable 19) °° The* clay andimatri x’ contentsuer tthe 
sandstones obtained from point counting in thin sections are 
given in column= 69 or this® tabley “A®comparisonvot: Size=diet— 
ributions indicate that the phi medians in sieve analyses 
are’ shifted towards-higher phi” sizes beeduse Of the fine 
fractions and clayey cement. This shift is more prominent 
in lithic sandstone(clay cement plus matrix = 20 percent). 


Sorting, skewness, and kurtosis values are likewise affected 
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46 
in the sieve analyses. Sieve frequency histograms in Figure 
3 are more skewed towards fine sizes in comparison to those 
obtained from number frequency data of a-axes in thin section 
and grain mount analyses. The cumulative curves derived from 
Sieve analyses also show marked skewness towards fine sizes 
because of the-content of either matrix on clayey cement for 
lithic sandstone (Fig. 13a), subquartzose sandstone UP ara tay oto. 
endvarkose (Fig. ied). 

Comparison of cumulative curves in Figure 13 show that 
the grain mount cumulative curves, in general, occupy the 
extreme position towards lower phi sizes, whereas the sieve 
cumulative curves occupy the other extreme position towards 
higher phi sizes, with the thin section cumulative curves 
OGecUpying a2 position more or less in between the two. “The 
thin section and grain mount curves show deviations from 
sieve Cumulative curves beyond 70 percent for the lithic sand- 
stone; at 80 percent for subquartzose sandstone; 40 percent 
forrarkose, and Mesligible (less than 1 percent) deviation in 
the case of quartzose sandstone. ‘The grain mount and thin 
section cumulative curves are relatively close, with some de- 
Vidtion for the arkose sample. The srain) mount and) thin sec- 
tion cumulative curves run closely parallel to each other for 
subquartzose and quartzose sandstones and exhibit a "cross 
over" lor the lithic sandstone anc arkose. The Sieve cumila— 
tive curves also cross and recross the thin section cumulative 
Curves. The crossing vof thin section cumulative curves: by 
Sieve cumulative curves may be a random error and may not be 


characteristic of techniques. However, Friedman (1958, p.403) 
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found that for many fine grained rocks the... 
Meunves exhibit a ‘erosstover' in which the sieve 
distribution curve crosses and recrosses the thin 
tion cumulative curve"... 
Wwhewees Kosenfela et al (1953) had earlier stated that 
cumulative See determined by than section and sieve 
see generally run parallel to one another. 


The comparison of total distributions show that: 
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analy- 


1. The grain mount size-distributions more nearly appro- 


ximate the log normal distribution in comparison to 


tiamesect TOM ancasieve Size-cistributions. 


2 ei Weoccee lon Size -distri butions run close to grain 


mount size-distributions except in the finer size 


range for the arkose where some divergence in 


YLDULLOM aS) noted: 


das 


3. The sieve-distributions run in close COnLormi ty to 


SValmeMOUune size -Castriputaons im the 0.10 te 


Percent) Pange for’ quartzose sandstone; in the 





99.4 


Les 5g) 


SOBpeErcent pange FOr the subquarizose sandstone. 10 


the 0590 10 percent range Lor lwthic sandstone mand 


in the 2 to 20 percent range for arkose; and show 


Significant divergence in the higher ranges, except- 


ing quartzose sandstone; and 


“. That the ditrerences’ in Size-distributions are more 


a function of differences in techniques than differ- 


ences in the samples. 
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INTERRELATIONSHIPS OF SIZE PARAMETERS 


It has been demonstrated that the size frequency distri- 
butions of grain mount data are more homogenous and tend more 
to be log: normal than those derived from thin section amd 
Sieve analyses. It is for these reasons that the grain mount 
Gatawnave= been chosen to anvestigate’ the? interrelations® of 


the four size parameters. 


MeantSave wereus) Standard | Deviation 


Figure 14 (a and b) shows plots of mean loose grain 
Sizervalucstagainget Sitandard @deviatuons®in, pha units and 
millimeters. A negative linear trend showing an increase in 
standard deviation with decrease in phi size (coarser grain 
sizes) is noted, the correlation coefficient (r) being 0.627, 
Significant at the 0.05 percent level. An extremely correla- 
ted positive linear trend is shown for millimeter data, the 
Value? Ofure being 009937 ViSeatter’plotrikth eléariy demonetrs 
ates that sandstone samples with mean grain size between 0.10 
and 0.225 millimeter are better sorted (lower values of std. 
dev.) than those having the mean grain size larger than 0.25 
millimeter. This is in conformity with the results obtained 
by Hough (1942) on Cape Cod Bay sediments; Shukri and Higazi 
(1944) on Red Sea sediments; and Krumbein and Aberdeen (1937), 
on Bartaria Bay sediments. The latter showed that the sort- 
ingpuisalfunetionsof the mean igrain’ size, and that samples 


having a median diameter near 0.18 millimeter are the best 
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SOuuetehe sovemnc linereasinga sin magnztude,sfon median, dia- 
meters perearemroreless ‘than 0.18+mehlimeters. Inman (1949) 
observed a similar relationship between median diameter and 
sombing fomtel bewater ienvironments., eriffirths (1952) sien the 
basis of his studies in the Caribbean area, confirmed the con- 
clusions reached earlier by Inman and others. Folk (1957) 
eltteweC ethatea broad M-shaped trend or part of a trend may 
develop with the minimas (of best sorting) coinciding with 
prominent modes in sediments, and maximas (of poorest sorting) 
corresponding to mixed modes in sediments. The scatter plots 
in Figure 14a and 14b only demonstrate the relationships be- 
tween mean grain size and standard deviation for fine grained 
-sediments and a few samples of medium sand, and that the re- 
sults closely match those of the earlier workers for sediments 


in the fine and medium-coarse sand size range. 


Means Size, versus Skewness 


Figure l4c shows a plot of mean grain size values against 
mean skewness values in phi units. Regression of the two 
sets of values produces a negative not significant trend 
(significant at the 0.15 level) which shows symmetrical dist- 
ributions for samples having mean grain size around 3.7 phi 
(0.074 mm). Tits 2s8an Contradietion to results obtained) by 
Hough (1942); Shukri and Higazi (1944) and Krumbein and 
Aberdeen (1937), who showed best sorting and symmetrical dis- 


tributions for sediments having mean grain size around 0.18 
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50 
millimeter. Inman (1949) compared trends between mean dia- 
meter and skewness obtained by these authors, all of which 
show curvi-linear and sinuous relationships. As such, a 
simple Winear regression of the two sets of data for fine and 
medium sand size material only, is not likely to exhibit the 
complete relationships which may exist between mean diameter 


and skewness. 


Mean Size versus Kurtosis 


ey S€a lec Uep lol poLemcan evain Ssizesversus kumtosi.s in phi 
units is shown in Figure 14d. The value. of the correlation co- 
S@avelema VaenGtwe! Cit icane (mo =.0.2509)yand theretore the in- 
terrelation between mean grain size and kurtosis is not discus-— 


sed. 


Standard Deviation versus Skewness 


pithough the scatter plot 1n Figure i4e appears to show 
a poSitive linear trend for values of standard deviation and 
skewness in phi units, the correlation between the two sets 
Of values 1S not significant, the coétrtier1ent of correlation 
béing 0.2593 (significant at léss tham the 0.15 devel). “How 
ever, the scatter plot between sieve pha Geviationwand sieve 
skewness (first skewness measure) in Figure 14f shows a 
highly Signiticane@ positive dinear arena (r= Us/) showing an 
increase invvalues of phi deviations with increase in values 
of skewness. Samples.9 and 17 have nearly symmetrical dis- 


tributions with mean grain diameters of 0.15 millimeter. 
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Dal, 
Philip et al (1968) found an interrelation between standard 
deviation and skewness indicating that fine skewed sediments 


are better sorted. 
Standard Deviation versus Kurtosis 


Figure l4g shows a negative linear trend between mean 
Si vzevendakKUriosie witha low significant comrelation (> = 
(eee). The seatter plot shows that the kurtosis increases 
Wie hesortune;athe better the sorting the higher is the kurto- 
Sisto. thesdistraibution. -Sample (7) has a méan grain diameter 
of 0.18 millimeter and is well sorted and has a normal kurto- 
sis. Samples with mean diameter coarser than 0.18 millimeter 
show higher standard deviation and a platykurtic distribution 
Because of the mixing of the two modes in considerable propor- 
LAOnS Samples with mean diameter in the fine to very fine 
sand (less than 0.18 mm) range have a very small subordinate 
mode in very fine sand to silt grade with the greater percent- 
aserok grains)stall elustered around the modal class, giving 
PisegrOwed | pcakedadietri butions, Phitipyet al (1968) (found vsam= 


ilar relationship between leptokurtosis and best sorting. 
Skewness versus Kurtosis 


Figure 14h shows the scatter plot of kurtosis versus 
skewness. Plotting of points showed two separate linear 
trends and thus the regression lines for the two trends were 


Sopa ve VacompuueGd . ING WwomlLPends cross at OU; skewness and 
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3.08 kurtosis indicating normal symmetrical distribution for 


Samp lecep owned. ate this point mw whe finst regression Jine an— 





dicates a positive lineayn trend with high significant corre- 
Poe One Ce Ot fe Table 20) salt i6¢ creased by the second 
mecMoacVoneilme Naving a nmegative linear trend with Sienifi— 
Capuinighecoemretation (rm = 026496. Table 20), The first 
trend indicates that samples with mean diameter around 0.18 
millimeter have a nearly symmetrical distribution and normal 
kurtosis, and are best sorted. Samples with a mean diameter 
greater than 0.18 millimeter and a second coarser mode in 
medium sand added to fine sand mode in considerable propor- 
one collet nwoepihatyKUPEEC Gistribution. Such samples 
May also comparatively show a greater value of standard de- 
viation than those samples having normal symmetrical distri- 
bution. Samples with mean diameter of less than 0.18 milli- 
meter will develop a prominent central mode with continued sor- 
mines i cohteadaduitoneyotreal silt mode at this stace may pesuit 
in a peaked unsymmetrical (positively skewed) distribution. 
Pip ipect aM COUIGe )/ehowec iat fine skewed scdimentus (are 
Hepvokirric sOnyery léeprokurtio. The finest trendineasconabiy, 
demonstrates this relationship. The second trend shows that 
with continued sorting the samples will approach the mean 
diameter of 0.18 millimeter, and a normal symmetrical curve 
with best sorting, will result at 0 skewness and 3 kurtosis. 
Continued sorting associated with ihe removal of Lines and 
addition of a coarser mode will result in a peaked unsymmet- 


rical distribution (negatively skewed) and the peakedness will 
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increase with sorting. This reconfirms the conclusion reach- 
ed can lversirom bigure Jue. Dhis trend also shows how initial 
sedimenes Of lithie sandstone composition may ultimately, 

through several cycles of reworking, lead to subgquartzose and 


GUarezose rocks. 
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OUMMARY “OF RESULTS 


Eighteen sandstone samples varying widely in composition 
and texture were subjected to grain size analysis by grain 
mount, thin section, and sieving techniques. Comparison of 
results Shows schet: 

1. Frequency histograms of means and medians in phi 
UitGsestOw Unat Une orain MouNt: Size-distri butions 
are more homogenous and more nearly log normal than 
these sObeaimedsi1 rom thin section and sievine techni— 
ques. Frequency histograms of means and medians 


plotted as independent variables in millimeters are 





unsymmetrical and coarsely skewed in comparison to 
near symmetrical or finely skewed histograms obtain- 
ed from phi data; 

2. (a) Mean and median grain sizes obtained by the three 
techniques are closely correlated. The grain 
mount technique (a-axes) yields the highest 
value the thin section,(random axes) an inter- 
mediate value and the sieving technique the low- 
est value of mean grain size; 

(b) YPegression of the two sets of Gata Show thaws? 
to 98 percent of the-Vvariabiality is common for 
phi and millimeter data in the grain mount-thin 
section, grain mount-sieve, and sieve-thin sec- 
LLOMscOmpartsoms,, the only exception being the 
mean phi values compared in the grain mount and 


thin section techniques; 
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56 
the observed differences between means, or median 
and mean grain size values, obtained from the 
three techniques change with changing grain size, 
EMSs ‘constant Gorrection factor cannot be emp— 
Voyed in trenslaving the results of ome techni-— 
quel tovanother technaque. <The regression equat- 
ions With Statistically determined confidence 
lampee ean be utilized in transtorming the 
values of sieve median to mean grain mount and 
thin sSeetion, Or vice-versa; 
compositional grouping by rock types has been 
noved am steve and thin section plots for phi 
datas and in plots of differences in medians 
and means, by the three techniques, against 
mean grain mount. 

The sphericity frequency histograms are unimodal 
andequdsi symmetrical, for than section and loose 
grain mount; 

the a- and b-axes are extremely correlated in 
thin section and grain mount for both phi and 
Millimeter data, Regression of two sets cf data 
shows that 88 to 99 percent of the variation in 
b-axes can be associated with variation in a-axes 
invthin section and) grain mount for millimeter 
and phi data, and that a-axis gives the maximum 
measure of size; 

shape is directly related to mean grain size in 


grain mount. for mallimeter data and in tham sec— 
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56 
wROnT sr Or. pli. date. Thus, the grains become more 
spherical with increase in size, and elongated 
with decrease in grain size; 
the thin section underestimates the mean spheri- 
city in comparison to the loose grain mount. 

The mean sphericity values of quartz grains cal- 
culated. from either of the two techniques closely 
match values obtained by other authors, and show 
an increase from lithic to quartzose sandstones. 
Lower correlations are obtained for standard de- 
viations in comparison to means. Correlation 

for standard deviations vary from extremely sig- 
nifteant positive linear trends (0.68-0.53 for 
Deane Q.62 to 0.319 for millimeter) to nega— 
tive not significant trends. The observed sieve 
phi deviation values are the highest, the thin 
section on the average intermediate, and the 
loose grain mount the lowest; 

a gradual fall in correlation is noted from )graim 
mount-thin section to grain mount-sieve to sieve- 
thin section comparisions for miliimeter data, vand 
from grain mount-sieve to sieve-thin section com- 
Perasons torjthe pia ddian en elfece c@ increased 
interaction of variables; 

the sieving technique yields the highest values 
of millimeter deviation for quartzose and sub- 


quartzose sandstones and lowest values for lithic 
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sandstones and arkose, as opposed to lowest or 
moderate estimates derived from the grain mount 
technique for these two groups Of sSandstones. 
Thescornelattom thor iskewnes sve lues Vay t POM 
OOF uO 0.038 Tormpha. datamandetrom0e 7. tor O81 BF 
for the millimeter data from the three techniques; 
a gradual fall in correlation is noted Prom $girad 1 
MOUNCSCiOne SeetT Onktoesrath mounteatevestos stave 
thin section comparisons for the phi data; 

the rsieving technique yields highest estimate, 
thin section an’ intermediate estimate, and loose 
grain mount on the average, tthe lowest €st imate 
of mean phi skewness. 

Correlations for mean kurtosis Vary =from Zero to 
0.649 for the phi and millimeter data in the 
three techniques. The grain mount and sieving 
techniques show significant correlation in comp- 
arison to inconsistent not Significant regression 
lines between thin section and sieving techniques 
hOGUt helephiland maine tar idea) PESpectively. 
The connewta tion tonce again shows a fall from 
grain mount-sieve to sieve-thin Section: 

the sieving technique) yields the highest values, 
Eni iesactionms Tonerthie average, an intermediate 
value, and loose grain mount technique the lowest 


estimate of mean phi kurtosis. 


Comparison of the total distributions shows that the 


grain mount size-distributions tend to be more syinme -— 
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trical than those derived from thin section and siev- 
ing analyses. Thé thin section size-distributions 
run, Close to grain®mount Size-distributions except— 
ing for some divergence in the finer size range for 
ankose. The Sieve size-distributions show increasing 
dvvervence from the grain’ mount size-distributions in 
tie finer size Penges in Foing Lrom subquartzose to 
iTtnLe Sandetones to arkose; negligible or no diver- 
gence in the case of quartzose sandstone. 

Vetere @rstae 15 a°funetion of sorting.§ A highiy 
Signitreame negatave trend for phi: data (r = 0.627) 
encwean extremely Sioniiicant positive linear trend 
fermenter data (Y= 0-90) andicates that sorting 
becomes poorer with increase in mean grain size from 
very fine “Sand to thé medium coarse sand size range. 
SKkKewmecs to Probably a fUNCEiOn Of Sorting and mean 
phi skewness may increase with increase in mean phi 
standard deviation. 

The value of mean phi kurtosis increases with de- 
crease in mean phi standard deviation. 

A double interrelation exists between mean phi skew- 
ness and mean phi kurtosis. Skewness increases or 


decreases with increase in mean phi kurtosis values. 
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GENERAL CONCLUSIONS 


Comperiisomn,of looses grain mount, thin section and siev- 
ing analyses show that no constant relationships could be re- 
cognized in size parameters between the three techniques. 

On the contrary, the relationships differ between groups of 
samples of similar composition, and between techniques; lack 
Obvear consi stent relationship andicates. that elimination of 
different. sediment variables and their interactions by the 
three techniques influences the size measures. 

ALUSthweeercchmiquessmyield different but related mea- 
sures lof is 26495 Phin .section,.and heya grain mount, being 
direct techniques, yield better estimates of size than those 
obtained by siéving analysis... The present study shows that 
tNeoms ze dl stribuuLons Obtained from the loose grain mount 
analyses approximate more closely the log normal distribu- 
tion than those derived from either thin section or sieving 
analyses; grain mount size-distributions also better demon- 


strate the interrelation among size parameters. 
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APPENDIX A 
Graphical and Moment Measures 

Moment and graphical statistical measures of Folk (1968), 
Kelley (i923) satrask 61932)5?andelnman. (1952) ehave been used 
to compute size parameters from number and weight frequency 
data. 
Median 
This 1s a measure of central tendency; the median diameter is 
read on the x-scale directly from the cumulative curve at 50 
percent frequency. 
geen 
Mean is the first moment and is given by the formula; 

M=m. 
Phi Deviation Measure 
Phi: deviation of a frequency distribution is half the distance 


between the 84 and 16 percentiles and is given by the formula: 


(84-16) 
re ee 
2 
Pon a permet Gietpibutaon,= the phi deviation 16.0.5. The value 
of phi deviation increases with poorer sorting. Standard de- 


viation in millimeters is obtained by converting the phi devia- 
tion Values. Inman’6, phi deviation values were, conventedm vo 
moment standard deviation through Friedman's (1962) regression 
Lanes, 
In moment statistics, standard deviation is the second moment 
and is given by the formula: 

standard deviation ie 


where Mey is the second moment about the mean. 
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Standard error of the means 
This is a moment measure based on the principle of greater 
precision with increasing measurements, and is defined as: 
standard error of the means CDs 
okewnese "Cinnan); 1952, Trask)! 1932) 
Ewosgvraphical “‘méasures of “skewness “using 5; 16/50; 84 and’ 95 
percentiles from the cumulative curves have been calculated 
using Inman's formula. Trask's skewness coefficient was used 
to calculate the skewness measure in millimeters. 
B16 + 684 -2(Mdo) 
Pipers mo wewness Measure =~ a 
684 —- G16 
This measure is independent of the spread of the curve and is 
related to moment skewness a, Dyn cmecad GlOnOr Gti ht em senad — 
enve seOmekew properte res occurring = in the=bulKror the cdistribu-— 
Eien, lone phi skewness 1s zero for a symmetrical distribution. 
The second phi measure is most sensitive to the distribution 
within the tail of the sediments. The formula for second phi 
skewness 413 -as follows: 
ie) Se 095) = May 
Second Phi.Skewness = —$_________— 


G84 — P16 


boat 095 — 2Mdag 





084 - g16 
Trask's skewness coefficient is given by the formula: 
Ps ons 
Sic 
Ma? 


Skewness- 16 the third moment and 1s defined as: 


ai 3 
a0 = M3 hom 


where m., wexthe chard moment about the mean. 
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oe) 
Measure of Peakedness 
Pollo (C1960. 8p. 56) detined kurtosis ae the ratio between sort-— 
Pie ues taike Ob the distribution veurve and the sorting 
in the central portion of the curve. In a normal curve the 
phi diameter interval between @5 and #95 points should be 
exactly 2.44 times the phi diameter interval between $25 and 
O75 points. In the case of a normal curve the value of kur- 
BOSis as 2. Kurtosis increases with better sorting in the 
central portion of the curve and decreases with poorer sort- 
eosin thewcentral portion 1h comparison to.sorting in the 
Geils.) Folk "elgraphac kurtosis is given by the following 
formula: 

(695-05) 
4 es 
G 2.44( 075-625) 

The verbal limits of graphic kurtosis are: K 


oc 
peewee Usod IOs plarykurtics U.9-l 12, mesokurtic; 


UNGER OO Vici 


ee omen epecOKu@r Goh OVEr 1. o-3. UU, very lbeptokurtic; 


G 
over 3.0, extremely leptokurtic. 
ely G9 2.32) defined kurtosis (millimeter) as: 
Pp 
(Fa0-" 10) 
K = 

s Sal 
where Q3 is equivalent to thet2s percenua le, Q3 GO MRhes io 
percentile, Ses to the 10 percentile, and ioe to the 930 per- 
centile. 
In moment statistics, kurtosis is the fourth moment and is 


defined as: 


BL = m, ho 
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BPEENDUX B 
Withdrawal Times for Pipette Analysis 


For quartz or clay minerals at De, these times work out as 





EOL Lowe EGE oihicns 9664 op 0). 











Depeb wkCiy) Pie Mm Times of withdrawal samp len \No. 
Start suspension OSes 
20 4.0 OG ZO SCE 1 
20 Bo 0.044 1 min. 45 sec 2 
RESTIR 
Start suspension he (ee 
10 Send ea oe Lei el sec. : 3 
10 Seas Oro O22. I Sail 2 OSC. 4 
10 6.0 OF Oka GamEn.1o8.sec. 5 
10 (Fe18) Ce OO7 8 USS WS ahe 6 
10 * 84.0 OF Guis3 1a go Lemar. qi) 
10 Sel 0.0020 J Wine 24 em un. 8 


For withdrawal made at odd times, the diameter of the particle 


was computed by the following formula: 
Depth sin Cm 


iia saes 0 
1500A.d (mm) 


"Nwhere ‘I’ is the time in minutes, - is the square of the 

particle diameter in millimeter, and 'A' is a constant which 
depends upon the viscosity of the water (a function of temp- 
erature), the force of gravitation, and density of the part- 


tere. Value Cpe feet: De Oar a MCR 
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68 
Polk's (1968, p.38-40) formula has been used to compute the 
percent coarser from pipette’ sedimentation analysis. Let us 
presume that the fine sédiments are uniformly distributed 
theouznoue the entire 1 0G0miy columm ard the first withdrawal 
Wa made var ter 20 “seconds “or stepension. Accordingly, then 
Pheeanount OL mudlain cach withdrawal is6°1/50 of the total 
amount of mud still remaining suspended at that particular 
depth and time. The first withdrawal after 20 seconds incor- 
Beotates (hegperticles of “all sizes, therefore if tthe weight 
Crecne, Piroe Withdrawal.is multiplied by 50 (after subtract— 
ing dispersant weight), the weight of the entire amount of 
mud in the cylinder is obtained. Similarly the number of- 
grams percent at any size can be computed and the cumulative 
percentage is obtained-by the following formula: 


AooCe PeP) 
Cummlacwive Percent Coarser = 


where S is “the weight of sand caught on 4 phi screen, F repre- 
sents the oven Lamb unt of mud from the first withdrawal (20 
sec.), P is the quantity obtained from subsequent pipette with- 
drawals and therefore) the percentage folliseane in pene sample 

is given by 1008/(S+F). An example of the computation is 


given in the following table. 
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APPENDIX 
Computer Programs on Grain Size Parameters 


Them ArPi-o eu programs of MVSD st hERFOM PINPLOT!' . ‘KURT 


SKEW', and 'GRAPH' are included here to stimulate the perfor- 
mance of further comparative studies of grain-size parameters 
of moderately- and poorly-sorted sands. The functions and 
output of each program are given below: 

MVSD. Program 


iad 
27) 


Buneervone:- 
VMVSD[LOIV 


VePeMV SD Xs eM sVAR SSD 


De WARS os i ee Cox ove Cr/l1 tx) )*e2)2CN<CoX)L1})-1 
)* 0.5 
PECs om .uO loll, VAR SSD 


Output of Sample’ Number 2am phi, unaitsiiby thins section 


analysis 1S: 


4 RRND MVSD 2@®8£1(13;1]*0.014 


wos 0.2477 Ono 7 


BREQ Program 


el 
2A 
[3,1 
C4 J 
[5 J 
[6 J 
Bd 
[8 J 


tg 


CAOns 
Patal 
P24 


ake 
[14] 
eke 
[16] 
Lenya) 


FuneeLions : 


VFREQCOIV 

Per TREO ksh SM SDs sW sl sA eV SE 
f<((N¥ePlal ) .u+2«k<y=pP)p0 

LUN eet] Cio . a1 (XK -F <P 1d) eW<PL 2] 
Di ele Ver the Cy WY) 4 

Tlill;2J<V+V, 

TlLils3J<V+Wi2 

+(K=0)/0 

ToCOn OMe, CNEL Te 

CaROc AOS O21 1520 90. O00CRy 


Oo WL a2 7 

oD ((t/ Ci Ma 4/ x 204 )x2)i (ou 1) 
OFS 

A+((V,VipVI]+i)-i)+5D 

V==10 


VeV,(CF<0),F20)/(1-W) ,W<1-0.5x(14+4+/Cx (| F<ALi+pV] )*1 
ye 

+( (Co) )<f4a )/ 72 
VeV 54 
Depo Con) AU tx 
Coder a) Sr: 
Peres [eve woe ls Sb kX 40 


iW )o.=1N)-(iN)°o l= (iN +2 )-1 
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Output of number frquency data for Sample Number 2 


at 0.25 phi interval by thin section analysis is: 


10-2 DET a ars 


OFS Sora eS 


ie 


Sah) 


ON 


ON 


Cr Gd 


N 


[Sa] 


an 
Co 


~J 
On 


oO 
(=) 


NO 
on 


S 
oO 


(eS) 


© 


O25. 45 


O FREQ 


2O8 Di I <0. 0 14 


LOGs, 


yy . 


dale. 


AUT. 


-00 


00 


tel 






ee rt ee ¢ ‘a 


7 60.6 = Oxo. 


PLOT Program 


Ww Ad 


ae 


et es ee 


Leas f (oom GN ees | 
[-} = 


jee) 


Functions: 


VPLOTLUIY 
ATP LOy BSCSOSPeGshsT Psa Pe Y sha WR IVE; PT STs ISVs0 
ue 


~~ 
> 
(e) 
* 
° 
ce 
oS 


IP) 


HS«1 

Sythe ah Poe ky 

ise “Sy ea ly(0) 

+(CO=*/l2nd) .0R <pph)/0,PAKERK ,PLOTH2,PLOPL3 


+PLOTL3xppph<&(? rh Guia Bales 

PLOTL2:B«B(133) 

PLOTLALY 41410 eB YL2)-1 

CECA FEU yt P/BC SY) (Ch PRT 3 Te es | 

Fe] (294)+C4 (C= OVS ‘i arauaes Q Ve) 

Fe (ORONO. 00014 Fx10xn-6)s. 2671) «104041 100F 

Ge Con TS CCrs (Biwi) ) U/l 51) )xFeSiaa6i sur 1 4 

Bis telo s+ (Pee $4 1-602) 

BRS SILO. S+ Ala dxBl sY)-Ghd) 

HeSMxf (CL /T/BL s HD) wlohe sd JS Se 

NB+Gl1J+(Sifl1): pen eee SME 
[ 


1 
HZ<Gl2)+(SMUL2]F0C2])x0,1H02 1:52 
Op ST+6 p~lISV+12U<9 
PLOTLY :VT*«V/0>NB<NBx10*U-ST[6-ISV]+1+14+f /L10@] (NB40)/NB 
PI<UPPLOTPS-1|PTeie S++ C|NB)e.410% 1461 
L<U+1-(O((C+pNB )pi)a.=PL)10 
SCs ovr (ithal)  (fs0)xDth-7 ) ST 2=75V)<S7l 2-16V |VLeU-Vree 
PI Di/e 0 2a eras 
*( 14126 )xpppoTLu-ISV ]+r<i 
+PLOTLYxppNB+SM[14+~ISV]x 14+ 1€ 
PT«<(-VT+0[1-I)oPr 
PT+(,PT)xJ+,X(OpPT)p(, Q(1#Pr)y. NG Jomai Vr li). (CxUttol<eVret 2 
SO)pi 
+( 242126 )xi-VP 
PTL (U-+/(C,U pd )tUx_ 14+10]*«11xNB<0 
PEA HCVOre! Je Cited ) Ve its=U-0)\ (1 0 40,0 )pPT,Up0 
PT[ iC 3I+J)+«12 
Pre’ 01235456780" SUPT Perl ri -14 4 
+PLOTL13x1~ISV 
Lea SL 20 poxC ut ) 
PLOTL8:L«(LxH¥SxC#0)f1,H[2]p0 
LC1+(D#0)/BL 31]1«(D40)/D«(C=BL 3YJ)f.xy 
SCHOO) / PLOT 1 tt 
LeL( O=CSHl2 122 )10,1020 2) 
PLOPTEMAT PPL (per) t)14CtGMlia) liossuta ti Cis). CO! 1 Ger jpee) ta 
+L J 
+(0<C«C-1)pPLOTL8 
+ (U=U+SML2)-~ISV+~p pNB+,HZ)pPLOTL4 
PLOTL13¢ CSHL24-9) 0.05) On oe (Umi) p dt )NE Tg 1! 
eC SL 1 a Se2) tal £10) 1039 Se beet Oe tke 6 
(I ORIGIN AND-=SCALE FACTOR FOR ORDINATE: '2Gli),4FL1 13 
+(2+226 )x10=S7[3 ] 
(‘SCALE FACTOR FOR ORDINATE: *310*S7(5)-1) 
*(24+126)*VOSSEE O49 
("ORIGIN AND SCALE FACTOR FOR ABSCISSA: ';:G(23,4#F(2]) 
+0x10=S7 (4 ] 
("SCALE FACTOR FOR ABSCISSA: ':10*S?[6}-1) 
+0 
PRKERR:'THE RIGHT ARGUMENT OF PLOT #UST HAVE RANK s 3.' 
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Mie irequeney histogram for the sizé distribution of 
Sample Number 2 is: 
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KURTSKEW Program 
FuncEevone: 





VAURTASKEW(ERLW 
VE RURD NS KEW IX SY OT 2 o£ 
Lag EeGo ip Anelns y .-2@Y<0 014 xX 


[2] . THITIAL VALUE MM (eT 
Eos] ! ! 

C4 J 4 RND&T 

[5] TeQ 


[6] AxT[A 3) 

EF] MOMENT<(+/L11(A-((+/4)#p4))°.% 2 3 4)EpA 

[8] ('SKEWNESS= ':4 RND MOMENTL21+MOMENT[11*322) 

[9] ('KURTOSIS= ';4 RVD MOMENT(3]+MOMENT(11*2) 

Lie] +E 

[11] +(3=I<I+1i)/6 

[12] ‘FIRST PAIR ARE MM MOMENTS,SECOND ARE PHI MOMENTS .' 
V 


the -conversrons of hypothetical values xXx into mide 
meters and phi units and skewness andkurtosis values are as 
given on the following page. 
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4) PARE AAAS 
Lh vateanioa 
ehdceuaae : Nekat bei lt 
/ Wii ARDS ERS 3 
tp &, 7 e 
re e' aq 
; Qe te 
: ; by ldtek = 
i 4 w. a6 Chip C Rede aa LV) SN SMOM, | J 
SN. & , toh CWA 4+p*) RSD We?) “oi 
re econ. Giel e* So eit eD: 
fie 


VA 
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: UVC fy Lol ae ye 
: a Na Wye ‘ie eich al Yb DA RAS TREMP) 


i'ee 
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sie 


KURTASKEW XX 


INITIAL VALUE MM PHL 

age! Gis OoYa7 Bo U9 
3.4 0.0476 treo 29 
age! O06 7.2 3.8954 
os 0.0826 Seo oe 
659 0.0966 Sof 18 
yo 0.0602 4.0541 
229 0.0406 4.6224 
5.9 0.0826 Slee ay 
Some 0.0546 tre 19S 
4.8 GeO? 3.8954 
Saal 0.0518 a2 2709 
239 0.0406 to 2 24 
4.7 0.0658 349258 
5 Orr Ou 3.8365 

SKEWNESS= 0.1874 

KURTOSIS= 2.2407 

SKEWNESS= 0.1874 

KURTOSIS= 2.2407 


FIRST PAIR ARE MM MOMENTS,SECOND ARE PHI MOMENTS. 
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GRAPH Program 


Funetions: 


VGHAPHLLIV 


GRAPH SAV BINS PSASR XG Y 32 ;BOYBI GMX SMY 3SE;SX3SY37VsVX4VY RSG SSX 


mY SUX SVU 


VEEP DE XE VA GULS - @ 
VUES ARLE KNOWN--' 
x+() 

“TYPE AN Y VALUES 
UES ARE KNOWN--' 
Y<lj 
2 CCp x = Cox p78 
"NUMBER 

AGAIN .' 
+4 


R 


OR 


OF X VALUES MUST Bi 


NAME 


NAME 


OFS VECTOR OF OX 


OF 


LHe SAME 


VECTOR OF Y 


VALULS 


VALUES 


AS NUMBER OF 


mC CACe/ CX Ux C4 7X Dai e2)2CN<(C ok) )-1)%0.5 
oY+((B<+/(Y-MY<(+/Y)+N)*2)¢N-1)*0.5 
BO*MY -MXxB1i+«+(+/ (X-HX )x(Y-MY ))+#A 

She ((b*1-RSQ+(ReBAxSXtSY)*2 )#N-2)*0.5 


MUSE OPEN WE XP 
‘MEAN OF 
‘VALUE FOR 
+(B0<0)/18 


LHAREE 
X VALUES TS 


STATEMENTS 


LO DRAW 


a cclaitad Ome OG 


YOUR 


BEST 


FOR 


PO? 


y 


HUI GHE SY 


WHICH X 


VALULS. 


TED TGs 


"WHENSAL LS LEROY LS "<3 RND BO 

aS: 

TWHENEYS TS (2080, xX 1S ' 3 RND((O-BO) =P ) 
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summary Statistics for Sphericity Values in Eighteen Sandstone 
Samples Obtained from Thin Section and Grain Mount Analyses 
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TABLE 16 


Measure of Symmetry (Skewness) in Phi Units for Size Distribu- 
tions of Eighteen Sandstone Samples Analyzed by Grain Mount, 
Thaneseetions and Sieving. Techniques 





Sample Grain Mount Thin Section Sieve 
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6 Ose 2H iT Om oi2 i, 0.333 Dep eeZBs: T6268 
7 0.0682 Od. o0l3 OOS iene e025 
8 Om/ oS5 O27 8 0:06 0.808 6561 
g 0.2993 OARS: Ones 1.604 OnvL08 3 
10 0.4747 Uc OG) Of 7655 cele s2et deste foo 
ie 0.0170 0.3008 Oro o10 6 0.227 Oa reriey 
dy O43 36:6 Os. 0 .Sa5 OW no Onl Pee ve9 IU feel ei) 
iis: 0.1014 Oe elo O32 3 L 05.03 02.3769 
14 0.3404 Leo 260 0.6626 16200 Laz oue 
eo TeSZ OO 0.9809 1.3682 die 2ae ley AN 6 Pde sists) 
16 0.0662 0.0480 0.4524 1.526 1.023 
Ly 0.3187 OG 4a12 02. ies 0.1594 U, GS.W6 
18 O44 529 eo 5.08 0.7488 0.885 ih Ch sisne 
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Measure of fPeakedness GCKkurtosis) Gn Phi Units for Size 
Distributions of Eighteen Sandstone Samples Analyzed by 
Grain Mount, Thin Section, and Sieving Techniques 
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Fig. 1 MINERAL COMPOSITION OF EIGHTEEN SAMPLES OF ARKOSE, 
LITHIC, SUBQUARTZOSE AND QUARTZOSE SANDSTONES PLOTTED 
ON MRC-TERNARY DIAGRAM. 
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2 AVERAGE MINERAL COMPOSITION OF (DETRITAL AND CHEMICAL 
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Fig. 6 REGRESSION LINES OF MEANS FOR SIZE DISTRIBUTIONS OF 
EIGHTEEN SANDSTONE SAMPLES ANALYZED BY LOOSE GRAIN 
MOUNT, THIN SECTION, AND SIEVING TECHNIQUES. 
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Fig. 8 REGRESSION LINES OF a-axes ON b-axes AND MEAN SPHERI- 
CITY (b/a) OF QUARTZ GRAINS FOR SIZE DISTRIBUTIONS OF 
EIGHTEEN SANDSTONE SAMPLES ANALYZED BY LOOSE GRAIN 
MOUNT AND THIN SECTION TECHNIQUES. 
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